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Abstract
AIM: To evaluate the role of leptin levels in the differential 
diagnosis of ascites.

METHODS: Ascitic leptin, TNFα and serum leptin levels 
were measured in 77 patients with ascites (35 with 
malignancies, 30 cirrhosis and 12 tuberculosis). Control 
serum samples were obtained from 20 healthy subjects. 
Leptin and TNFα levels were measured by ELISA. Body 
mass index (BMI) and percentage of body fat (BFM) by 
skin fold measurement were calculated for all patients 
and control groups. Peritoneal biopsy, ascites cytology 
and cultures or biochemical values were used for the 
diagnosis of patients.

RESULTS: In patients with malignancies, the mean 
serum and ascites leptin levels and their ratios were 
significantly decreased compared to the other patient 
groups and controls. In tuberculosis peritonitis, ascitic 
fluid TNFα levels were significantly higher than malignant 
ascites and cirrhotic sterile ascites. BMI and BFM values 
did not distinguish between patients and controls.

CONCLUSION: In patients with malignant ascites, 
levels of leptin and TNFα were significantly lower than in 
patients with tuberculous ascites.

© 2007 The WJG Press. All rights reserved.

Key words: Leptin; Benign ascites; Malignant ascites; 

Tuberculosis; Cirrhosis

Buyukberber M, Koruk M, Savas MC, Gulsen MT, Pehlivan 
Y, Deveci R, Sevinc A, Gergerlioglu S. Leptin levels in the 
differential diagnosis between benign and malignant ascites. 
World J Gastroenterol 2007; 13(3): 398-402

 http://www.wjgnet.com/1007-9327/13/398.asp

INTRODUCTION
Leptin, a product of  the obese gene, is a multifunctional 
hormone secreted predominantly by adipocytes. It was 
discovered in 1994 by Friedman et al[1]. The importance of  
leptin in the regulation of  energy balance, food intake and 
body composition through a central feedback mechanism 
has been demonstrated in both animal and human 
studies[2-5]. In humans, circulating leptin levels exhibit a 
particularly strong positive correlation with the body fat 
mass (BFM), body mass index (BMI) and sex. Serum 
leptin concentration is higher in obese than in lean subjects 
and in females than in males[6]. On the other hand, leptin 
serum levels can be altered in various diseases[7].

Liver cirrhosis is associated with hypercatabolism and 
malnutrition that leads to increased energy expenditure[8]. 
Previous studies have shown that circulating leptin 
levels are modestly elevated in patients with alcoholic 
and posthepatic cirrhosis[9-12]. Another study reported 
that the ascitic fluid leptin levels of  cirrhotic patients 
with sterile ascites are on average two times higher than 
circulating levels of  this hormone[13]. Serum leptin levels 
have been reported to be reduced in cancer patients[14,15]. 
Abramov et al[16] found low leptin levels in serum, pleural, 
peritoneal fluids and in Meigs’ syndrome as well. In the 
literature, there is no study about leptin levels in malignant 
ascites. In patients with active pulmonary tuberculosis, 
a previous study found increased leptin concentrations 
and a correlation with increased concentrations of  tumor 
necrosis factor than control groups. After antituberculosis 
therapy, leptin levels of  these patients were elevated, but 
this increase was not statistically significant[17]. However, 
in a recent study in patients with active pulmonary 
tuberculosis, leptin levels were determined to be decreased. 
Reduced body fat content secondary to anorexia and 
cachexia during the active disease period was claimed as 
a reason for this[18]. To our knowledge, there is no study 
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about this subject in either ascites or serum of  patients 
with tuberculosis peritonitis.

There are problems in the differential diagnosis of  
ascites. Especially diagnosis of  exudative ascites (including 
lymphoma, various forms of  peritonitis, peritoneal 
carcinomatosis, and peritoneal tuberculosis) is a dilemma. 
Non-invasive tests such as laboratory tests, acid-fast stain 
and culture of  the ascitic fluid, ADA levels are usually 
insufficient for the differential diagnosis of  ascites[19,20]

. 

Therefore laparoscopy with directed biopsy is necessary 
for the diagnosis of  ascites. In the light of  these findings 
of  our prospective study, leptin may be accepted as a new 
criterion for the differential diagnosis of  malignant and 
benign ascites.

MATERIALS AND METHODS
Materials 
The study population consisted of  77 patients with ascites 
and 20 healthy people who were recruited from the 
Department of  Gastroenterology, Gaziantep University 
Hospital, Gaziantep, Turkey. The patients were divided 
into three groups. Group Ⅰ consisted of  35 patients 
with various types of  malignant diseases (seven ovarian 
adenocarcinoma, ten adenocarcinoma of  the colon, five 
lymphoma, seven pancreatic adenocarcinoma, six gastric 
adenocarcinoma). Mean age was 56.2 ± 17.4 years (20 men 
and 15 women). Group Ⅱ included 30 cirrhotic patients 
(mean age 55.05 ± 13.26 years, 15 men and 15 women). 
The diagnosis of  cirrhosis was based on the typical 
findings of  hepatic cirrhotic appearance, splenomegaly, 
esophageal varices and ascites (by ultrasonography and 
upper gastrointestinal endoscopical examinations), with 
biochemical data. Etiology of  cirrhosis was hepatitis 
C virus in fifteen patients, hepatitis B virus in thirteen 
patients and cryptogenic in two patients. The severity 
of  cirrhosis was graded according to the Child-Pugh 
classification[21]. All of  the patients were Child C. Group 
Ⅲ consisted of  12 patients with tuberculous peritonitis 
(these patients were diagnosed with laparoscopic peritoneal 
biopsy, mean age 51.9 ± 15.3 years, 5 men and 7 women). 
The control groups included 20 healthy volunteers (mean 
age 52.9 ± 13.3 years, 10 men and 10 women). Exclusion 
criteria were diabetes mellitus, existence of  pleural 
effusion, gastrointestinal bleeding, spontaneous bacterial 
peritonitis and renal failure, treatment with corticosteroids, 
immunosuppressive agents and oral contraceptive 
agents within the last 6 mo. Control group consisted of  
healthy individuals with normal medical history, physical 
examination and blood biochemistry. None of  them have 
had a restriction of  diet for loosing weight during the 
last three months. The local ethics committee approved 
the study and written consents were received from all 
participants.

Methods
Blood samples were obtained in the early morning after 
an overnight fasting (12 h). The blood was centrifuged at 
3000 rpm for 20 min at 4℃ and serums were was stored at 
-80℃ until analysis of  leptin concentrations. Biochemical 

analyses were done during the same day. After paracentesis 
of  peritoneal fluid, ascitic fluid was collected under sterile 
conditions and seeded in both aerobic and anaerobic 
cultures. It was immediately centrifuged at 3000 rpm for 
20 min at 4℃ and stored at -80℃ in tubes for assessment 
of  leptin levels. Ascitic fluid was also obtained for routine 
biochemical analysis, cytologic exam and white blood cell 
counts.

Body composition such as BMI, skin fold thickness, 
body fat percentage (BFP), and BFM analysis was 
performed in patients and controls. BMI was defined for 
study populations as weight divided by height squared 
(kg/m2). Skinfold thickness was measured at four 
different sites on the left side of  the body (triceps, biceps, 
subscapular and supra-iliac) using a Holtain skinfold 
caliper. Percent body fat (%BF) was calculated using the 
Jacksons’ formula[22], BFM was calculated using BFP and 
body weight as in kilograms, and triceps skinfold thickness 
less than a 10th of  a percentile[23] was excluded. Serum and 
ascitic fluid leptin and serum TNFα levels were measured 
by a commercially available ELISA kit (Quantikine Human 
Leptin Immunoassay; RD Systems). The lower limit of  
detection was 0.05 μg/L. The intra-assay and interassay 
coefficients of  variation was below 12%.

Statistical analysis
Results were given as mean ± SE. Comparisons between 
and among the groups were made using a non-parametric 
test (Mann-Whitney U test) and one way ANOVA 
variant analyses. Statistical analysis for the comparison 
of  serum and ascitic fluid analyses was carried out by 
means of  Wilcoxon matched pairs signed rank test. 
The correlation among numerical data was analyzed by 
the Pearson correlation coefficient (r). Spearman’s rank 
correlation test was used for estimation of  the level of  the 
association between two variables. Data were statistically 
evaluated using the SPSS v10.0 (Statistical Program for 
Social Science, version 10.0, Chicago, IL, USA) software 
packages. P < 0.05 was taken as significant.

RESULTS
Patients’ demographic data
The demographic, anthropometrical characteristics of  all 
patients and control groups are showed in Table 1. There 
were no statistically significant differences between three 
patients groups and the controls regarding BMI, BFP and 
BFM (P > 0.05). 

Serum and ascitic fluid leptin and TNFα levels
The main biochemical analyses, leptin, and TNFα levels of  
the ascitic fluid of  the patients and serum leptin levels are 
shown in Table 2. None of  the patients had spontaneous 
bacterial peritonitis. Serum concentrations of  leptin were 
significantly elevated in tuberculosis and cirrhotic patients 
compared with serum levels in control and malignant 
patients groups (P = 0.0001). There were no statistically 
significant differences in serum leptin levels between 
cirrhosis and tuberculosis patient groups (P > 0.05). In 
addition serum leptin levels of  malignant patients were 



significantly lower than control groups (P < 0.001, Table 2).
On the other hand, the levels of  leptin in ascitic fluid 

were significantly higher in tuberculosis and cirrhotic 
patients than in patients with malignant effusions (P < 
0.001). In cirrhotic patients, ascitic fluid levels of  leptin 
were higher than in patients with tuberculosis peritonitis, 
but the difference was not statistically statistically significant 
(P > 0.05, Table 2). Leptin levels were significantly higher 
in ascitic fluid than in serum (P < 0.01 Wilcoxon test), 
with a mean ascites/serum ratio of  approximately 2.0 in 
all patient groups (Table 2). Serum and ascitic fluid leptin 
levels showed significant positive correlation in all patient 
groups (Malignant group: r = 0.979, P = 0.0001; Cirrhotic 
group: r = 0.999, P = 0.0001; Tuberculosis group: r = 0.995, 
P = 0.0001). 

Ascites TNFα levels were significantly increased in 
patients with tuberculosis peritonitis, when compared to 
the other patient groups. Ascites TNFα levels were not 
statistically significant between cirrhosis and malignant 
ascites groups (P < 0.001, Table 2). We observed that 
ascitic fluid TNFα levels were significantly positively 
correlated with ascitic leptin levels in the tuberculosis 
peritonitis group (r = 0.979, P = 0.0001). However, this 
correlation was not observed in the other patient groups.

DISCUSSION
Recently, several studies have suggested that serum levels 
of  leptin are significantly elevated in patients with chronic 
liver disease. The relation between serum levels of  leptin, 
TNFα, and associated liver fibrosis have been investigated 
in patients with chronic hepatitis C by Piche et al[24]. Serum 
fasting levels of  leptin were significantly more elevated 
than the control group and a significant correlation 
has been demonstrated between serum levels of  leptin, 
TNFα and severity of  liver fibrosis in those patients[24]. 
Several studies found higher leptin levels among female 
alcoholic cirrhotic patients than the control group[10,11] and 
Henriksen et al[11] suggested that the elevated circulating 
leptin in patients with alcoholic cirrhosis was most likely 
caused by a combination of  decreased renal extraction 
and increased release from fat tissue areas. However, in an 

animal study with chronic ethanol consumption rats, it has 
been shown that serum concentrations of  tumor necrosis 
factor were increased and leptin was induced in the liver 
and peripheral adipose tissues by TNFα[25]. In addition, 
experimental and animal studies have shown that TNFα 
is one of  the major leptin producer and regulators in 
anorexia and inflammation[26-28]. It has also been suggested 
that leptin mediates anorexia in chronic inflammatory 
states[29]. Anorexia and increased energy expenditure 
usually accompanies cirrhosis[30]. In previous studies, 
association between the severity of  posthepatitis cirrhosis 
and serum leptin levels is controversial[12,30,31]. In cirrhotic 
patients, a significant negative correlation was found 
between serum levels of  leptin and Child-Pugh score[31]. 
On the contrary, a significant elevation in leptin levels was 
observed as the Child-Pugh score worsened independently 
of  gender and BMI in cirrhotic patients. Anorexia and 
hypermetabolism in cirrhosis are held responsible for 
this[12]. In our study, we also observed that circulating leptin 
levels were increased in the non-alcoholic cirrhosis group 
caused by viral hepatitis and not in the control group.

Previous studies have demonstrated that TNFα levels 
are elevated in the ascitic fluid of  cirrhotic patients with 
spontaneous bacterial peritonitis[32]. Nevertheless Giannini 
et al[13] found that serum and ascitic TNFα levels are 
significantly elevated but serum and ascites TNFα levels 
were not correlated and the ascitic fluid leptin levels were 
either twice as high as serum levels or positively correlated 
in cirrhotic patients with sterile ascites. High leptin levels 
in ascites were explained as a result of  TNFα stimulation 
and production of  intra-abdominal leptin. The results of  
our study support the hypothesis of  Giannini et al[13]. In 
30 patients with active pulmonary tuberculosis in Turkey, 
a recent study found increased leptin concentrations and 
a correlation with TNFα[17]. Similar results were reported 
in another study from Turkey involving 25 patients with 
tuberculosis[33]. After antituberculosis therapy in two 
studies, leptin levels were more elevated. One study from 

Table 1  Demographic and anthropometrical characteristics of 
all subjects

Characteristic Mean age ± SD
        (yr)

   BMI 
 (kg/m2)

 BFP   
 (%)

   BFM
   (kg)

Cirrhotic patients (n = 30) 55.05 ± 13.26      22.1   26.4     17.3
Male (n = 15)   57.2 ± 12.3      21.5   23.8     16.6
Female (n = 15)   53.3 ± 13.05      22.6   28.8     17.9
Malignant ascites (n = 35)   56.2 ± 17.4      22.4   26.8     17.4
Male (n = 20)   58.2 ± 15.3      22.1   24.2     17.1
Female (n = 15)   54.1 ± 14.2      22.8   29.4     17.9
Tuberculous 
peritonitis (n = 12)

  51.9 ± 15.3      22.6   26.9     17.6

Male (n = 5)   53.8 ± 13.2      22.2   24.6     17.2
Female (n = 7)   50.1 ± 12.4      23   29.4     18.1
Control (n = 20)   52.9 ± 13.3      22.7   27     17.7
Male (n = 10)   54.6 ± 11.8      22.5   24.8     17.3
Female (n = 10)   51.6 ± 10.9      22.9   29.2     18.2

Table 2  Ascitic leptin, TNFα and serum leptin levels in study 
population (mean ± SD)

Control
subjects

   Cirrhotic 
    patients

   Malignant 
     ascites

 Tuberculous
  peritonitis

Leptin (ascites) 
       (μg/L)

        -     7.19 ± 3.43     2.45 ± 1.25     5.59 ± 1.08

Leptin (serum) 
       (μg/L)  

2.93 ± 0.32     3.77 ± 2.04     1.30 ± 0.63     3.72 ± 0.64

TNFα (ascites) 
      (ng/L)  

        -   30.36 ± 6.37   29.65 ± 7.08     65.5 ± 18.4

Total proteins 
(ascites) (g/L)

        -     15.4 ± 6.3     26.1 ± 11.5     28.2 ± 21.9

Albumin (ascites)
         (g/L)

        -       7.1 ± 4.0     14.3 ± 7.2        13 ± 11.6

LDH (ascites) 
        (U/L)

        - 142.97 ± 93.99   546.5 ± 473.8 351.40 ± 378.82

Glucose (ascites) 
      (mg/L)

        - 1253.6 ± 348.1 1057.2 ± 443.8    1176 ± 482.3

Total leukocyte 
(ascites) ( × 106/L)

        -     0.43 ± 0.46      976 ± 608.4     1.16 ± 1.17

Neutrophils 
(ascites) ( × 106/L)

        -     0.22 ± 0.31 668.19 ± 416.3     0.44 ± 0.63

Lymphocytes 
(ascites) ( × 106/L)

        -     0.12 ± 0.01 223.34 ± 102.3     0.75 ± 0.32
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Indonesia found lower leptin concentrations in 60 HIV-
negative patients with active tuberculosis compared to 
30 healthy control[18]. In another study performed in with 
patients with tuberculous pleural effusions, it has been 
demonstrated that serum and pleural fluid levels of  tumor 
necrosis factor were significantly elevated compared 
with transudative pleural effusion[34]. For the time, no 
study dealing with leptin concentrations in tuberculosis 
peritonitis has been reported in the literature to our 
knowledge. In this study, we found that ascitic fluid 
TNFα levels in tuberculosis peritonitis are significantly 
elevated when compared to the other patients groups, 
serum and ascitic leptin levels were significantly higher 
than in malignant patients. In addition, we observed that 
ascitic fluid TNFα levels were significantly positively 
correlated with ascitic leptin levels in the tuberculosis 
peritonitis group. Our findings support that in tuberculosis 
peritonitis, TNFα may be a major stimulating factor of  
leptin secretion. 

Low serum leptin levels have been observed in 
patients with malignancy[14,15]. It has been shown that 
serum leptin levels of  prostate cancer are lower than 
benign prostatic hyperplasia[14]. On the other hand, it 
has recently been demonstrated that in patients with 
pre-menopausal carcinoma in situ of  the breast cancer, 
serum leptin levels were decreased compared with the 
control group[15]. In a case report, while levels of  leptin 
in the serum, peritoneal and pleural fluids were lower in 
patient Meigs’ syndrome, serum levels were increased 
following surgical therapy of  the tumor along with the 
resolution of  ascites and pleural fluids. Abramov and 
coworkers suggested that mediators of  the tumoral tissue 
inhibit leptin secretion and excision of  the tumoral tissue 
increased leptin levels[16]. In patients with malignant pleural 
effusions, levels of  TNFα were significantly lower than in 
patients with tuberculous effusions[34]. In a recent study, 
we investigated the importance of  ascitic fluid LDH level 
and LDH isoenzyme activities in patients with malignant 
and nonmalignant ascites. LDH level, LDH-4 activity and 
LDH-5 activity were found to be significantly higher, and 
LDH-1 activity was found to be lower in malignant ascites 
when compared with nonmalignant ascites. We conclude 
that ascitic LDH and its isoenzyme pattern may be helpful 
for the differential diagnosis of  ascites[35].

According to our knowledge, there is no study about 
leptin levels in malignant ascites in the literature. In the 
present study, we observed that ascitic fluid TNFα levels, 
serum and ascitic fluid leptin levels of  malignant patients 
are significantly lower than tuberculosis patients. Is the 
reason for low leptin levels that some mediators released 
by the tumor which inhibit leptin secretion? Or does 
decreased body fat, secondary to malnutrition and cachexia 
caused by tumor, results in decreased levels of  leptin? 
More studies are necessary to explain these. In summary, 
our study has demonstrated that serum and ascitic fluid 
leptin levels of  malignant patients are significantly lower 
than tuberculosis peritonitis and cirrhotic patients with 
sterile ascites. These findings suggest that leptin may be an 
important marker in the malignant ascitic fluid. Especially, 
leptin as a tumour marker may be useful in differential 
diagnosis of  benign and malignant ascites.

REFERENCES
1 Friedman JM, Halaas JL. Leptin and the regulation of body 

weight in mammals. Nature 1998; 395: 763-770
2 Friedman JM. Leptin, leptin receptors and the control of body 

weight. Eur J Med Res 1997; 2: 7-13
3 Tartaglia LA. The leptin receptor. J Biol Chem 1997; 272: 

6093-6096
4 Kennedy A, Gettys TW, Watson P, Wallace P, Ganaway E, 

Pan Q, Garvey WT. The metabolic significance of leptin in 
humans: gender-based differences in relationship to adiposity, 
insulin sensitivity, and energy expenditure. J Clin Endocrinol 
Metab 1997; 82: 1293-1300

5 Considine RV, Sinha MK, Heiman ML, Kriauciunas A, 
Stephens TW, Nyce MR, Ohannesian JP, Marco CC, McKee 
LJ, Bauer TL. Serum immunoreactive-leptin concentrations 
in normal-weight and obese humans. N Engl J Med 1996; 334: 
292-295

6 Van Gaal LF, Wauters MA, Mertens IL, Considine RV, De 
Leeuw IH. Clinical endocrinology of human leptin. Int J Obes 
Relat Metab Disord 1999; 23 Suppl 1: 29-36

7 Mantzoros CS. The role of leptin in human obesity and 
disease: a review of current evidence. Ann Intern Med 1999; 
130: 671-680

8 Greco AV, Mingrone G, Benedetti G, Capristo E, Tataranni 
PA, Gasbarrini G. Daily energy and substrate metabolism in 
patients with cirrhosis. Hepatology 1998; 27: 346-350

9 Shimizu H, Kakizaki S, Tsuchiya T, Nagamine T, Takagi H, 
Takayama H, Kobayashi I, Mori M. An increase of circulating 
leptin in patients with liver cirrhosis. Int J Obes Relat Metab 
Disord 1998; 22: 1234-1238

10 McCullough AJ, Bugianesi E, Marchesini G, Kalhan SC. 
Gender-dependent alterations in serum leptin in alcoholic 
cirrhosis. Gastroenterology 1998; 115: 947-953

11 Henriksen JH, Holst JJ, Møller S, Brinch K, Bendtsen F. 
Increased circulating leptin in alcoholic cirrhosis: relation to 
release and disposal. Hepatology 1999; 29: 1818-1824

12 Bolukbas FF, Bolukbas C, Horoz M, Gumus M, Erdogan 
M, Zeyrek F, Yayla A, Ovunc O. Child-Pugh classification 
dependent alterations in serum leptin levels among cirrhotic 
patients: a case controlled study. BMC Gastroenterol 2004; 4: 23

13 Giannini E, Romagnoli P, Tenconi GL, Botta F, Malfatti F, 
Chiarbonello B, Mamone M, Barreca T, Testa R. High ascitic 
fluid leptin levels in patients with decompensated liver 
cirrhosis and sterile ascites: relationship with TNF-alpha 
levels. Dig Dis Sci 2004; 49: 275-280

14 Lagiou P , Signorello LB, Trichopoulos D, Tzonou A, 
Trichopoulou A, Mantzoros CS. Leptin in relation to prostate 
cancer and benign prostatic hyperplasia. Int J Cancer 1998; 76: 
25-28

15 Mantzoros CS, Bolhke K, Moschos S, Cramer DW. Leptin 
in relation to carcinoma in situ of the breast: a study of pre-
menopausal cases and controls. Int J Cancer 1999; 80: 523-526

16 Abramov Y, Anteby SO, Fatum M, Fasouliotis SJ, Barak V. The 
kinetics of leptin in Meigs' syndrome. Gynecol Oncol 2001; 83: 
316-318

17 Cakir B, Yönem A, Güler S, Odabaşi E, Demirbaş B, Gürsoy G, 
Aral Y. Relation of leptin and tumor necrosis factor alpha to 
body weight changes in patients with pulmonary tuberculosis. 
Horm Res 1999; 52: 279-283

18 van Crevel R, Karyadi E, Netea MG, Verhoef H, Nelwan 
RH, West CE, van der Meer JW. Decreased plasma leptin 
concentrations in tuberculosis patients are associated with 
wasting and inflammation. J Clin Endocrinol Metab 2002; 87: 
758-763

19 Demir K, Okten A, Kaymakoglu S, Dincer D, Besisik F, 
Cevikbas U, Ozdil S, Bostas G, Mungan Z, Cakaloglu Y. 
Tuberculous peritonitis--reports of 26 cases, detailing 
diagnostic and therapeutic problems. Eur J Gastroenterol 
Hepatol 2001; 13: 581-585

20 Buyukberber M, Sevinc A, Cagliyan CE, Gulsen MT, Sari 
I, Camci C. Non-Hodgkin lymphoma with high adenosine 
deaminase levels mimicking peritoneal tuberculosis: an 

Buyukberber M et al .  Leptin levels in benign and malignant ascites                                                                      401

www.wjgnet.com



unusual presentation. Leuk Lymphoma 2006; 47: 565-568
21 Pugh RN , Murray-Lyon IM, Dawson JL, Pietroni MC, 

Williams R. Transection of the oesophagus for bleeding 
oesophageal varices. Br J Surg 1973; 60: 646-649

22 Jackson AS, Pollock ML, Ward A. Generalized equations for 
predicting body density of women. Med Sci Sports Exerc 1980; 
12: 175-181

23 Heymsfield SB, Williams PJ. Nutritional assessment by 
clinical and biochemical methods. In: Shils ME, Young VR. 
Modern nutrition in health and disease. 7th ed. Philadelphia: 
Lea & Febiger, 1988: 817-860

24 Piche T, Vandenbos F, Abakar-Mahamat A, Vanbiervliet 
G, Barjoan EM, Calle G, Giudicelli J, Ferrua B, Laffont C, 
Benzaken S, Tran A. The severity of liver fibrosis is associated 
with high leptin levels in chronic hepatitis C. J Viral Hepat 
2004; 11: 91-96

25 Lin HZ, Yang SQ, Zeldin G, Diehl AM. Chronic ethanol 
consumption induces the production of tumor necrosis factor-
alpha and related cytokines in liver and adipose tissue. Alcohol 
Clin Exp Res 1998; 22: 231S-237S

26 Grunfeld C, Zhao C, Fuller J, Pollack A, Moser A, Friedman 
J, Feingold KR. Endotoxin and cytokines induce expression of 
leptin, the ob gene product, in hamsters. J Clin Invest 1996; 97: 
2152-2157

27 Zumbach MS, Boehme MW, Wahl P, Stremmel W, Ziegler 
R, Nawroth PP. Tumor necrosis factor increases serum leptin 
levels in humans. J Clin Endocrinol Metab 1997; 82: 4080-4082

28 Kirchgessner TG, Uysal KT, Wiesbrock SM, Marino MW, 
Hotamisligil GS. Tumor necrosis factor-alpha contributes to 
obesity-related hyperleptinemia by regulating leptin release 
from adipocytes. J Clin Invest 1997; 100: 2777-2782

29 Sarraf P, Frederich RC, Turner EM, Ma G, Jaskowiak NT, 

Rivet DJ, Flier JS, Lowell BB, Fraker DL, Alexander HR. 
Multiple cytokines and acute inflammation raise mouse leptin 
levels: potential role in inflammatory anorexia. J Exp Med 1997; 
185: 171-175

30 Müller MJ, Lautz HU, Plogmann B, Bürger M, Körber J, 
Schmidt FW. Energy expenditure and substrate oxidation in 
patients with cirrhosis: the impact of cause, clinical staging 
and nutritional state. Hepatology 1992; 15: 782-794

31 Testa R, Franceschini R, Giannini E, Cataldi A, Botta F, Fasoli 
A, Tenerelli P, Rolandi E, Barreca T. Serum leptin levels in 
patients with viral chronic hepatitis or liver cirrhosis. J Hepatol 
2000; 33: 33-37

32 Greco AV, Mingrone G, Favuzzi A, Capristo E, Gniuli D, 
Addolorato G, Brunani A, Cavagnin F, Gasbarrini G. Serum 
leptin levels in post-hepatitis liver cirrhosis. J Hepatol 2000; 33: 
38-42

33 Navasa M, Follo A, Filella X, Jiménez W, Francitorra A, Planas 
R, Rimola A, Arroyo V, Rodés J. Tumor necrosis factor and 
interleukin-6 in spontaneous bacterial peritonitis in cirrhosis: 
relationship with the development of renal impairment and 
mortality. Hepatology 1998; 27: 1227-1232

34 Yüksel I, Sencan M, Dökmetaş HS, Dökmetaş I, Ataseven H, 
Yönem O. The relation between serum leptin levels and body 
fat mass in patients with active lung tuberculosis. Endocr Res 
2003; 29: 257-264

35 Hamed EA, El-Noweihi AM, Mohamed AZ, Mahmoud A. 
Vasoactive mediators (VEGF and TNF-alpha) in patients with 
malignant and tuberculous pleural effusions. Respirology 2004; 
9: 81-86

36 Sevinc A, Sari R, Fadillioglu E. The utility of lactate dehydrogenase 
isoenzyme pattern in the diagnostic evaluation of malignant 
and nonmalignant ascites. J Natl Med Assoc 2005; 97: 79-84

             S- Editor  Wang GP    L- Editor  Alpini GD   E- Editor  Lu W

402         ISSN 1007-9327     CN 14-1219/R      World J Gastroenterol     January 21,   2007    Volume 13      Number 3

www.wjgnet.com


